Abstract. The paper gives the analysis of the influence of longitudinal oscillations of a beam, which is caused by a circular hard disk motion along the beam, on the mode of disk motion. The problem of rolling the disk on the plane in its various formulations has been investigated by different researchers as well as by the authors of this paper. The paper considers two variants of properties of the beam material: an elastic beam and a viscoelastic beam, which fits the Kelvin rheological model and has relaxation and creep properties. When solving the problem, the Fourier method is used as a method of separation of variables. When examining the beam, and assuming it as hereditary deformable, a rheological force of the reaction is introduced, this depends on both on longitudinal strains and on the rate of these strains The result is presented as functions of time which are adaptable for numerical integration. It is shown that oscillations of a rheological beam are produced by a moving disk and can be considered as self-oscillations.
Introduction
Today various authors [1] [2] [3] [4] [5] [6] regularly consider the problems of the motion of rotation bodies with rheological properties. The analysis of rotation bodies motion, where the stability of bodies motion is also investigated [7] [8] [9] [10] [11] [12] , is given. Although the rheological models have a long history, there are still many unsolved issues. That seems interesting to estimate the effect of longitudinal strains of rigidly fixed rod, which material is modelled by the Kelvin relaxation body, on the disc dynamics.
Materials and methods
The disk motion along the beam is determined by two coordinates -( ) t 
which represents the geometric constraint equation. The equation seems correct
which can be considered, as a non-linear non-holonomic constraint at the contact point of the disk with the beam [1] [2] [3] [4] [5] . Active force ( ) t  effects on the disk, driving it into motion and being applied to the centre of mass, as well as at the point of contact the reaction force Т, directed along the beam and caused by longitudinal deformation of the beam. Let us write the initial system of equations
Here ( ) x l   -Dirac delta function.
Simplifying the problem, let us consider the regime of uniform motion of a disk, linearize the non-holonomic constraint equation, and we obtain 
where E a   .
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The function ( , ) w x t must satisfy the non-homogeneous equation 
The solution of the free oscillation equation (4) is the function
The function ( , ) w x t will be sought in the form of a series by own functions sin
Let us consider the case when the differential equations for describing unknown functions
This is the fundamental oscillation of the beam. We apply to this equation the integral Laplace transform [5, 6] . We obtain the equation relative to the image ( ) 
Substituting the function ( ) t  in (7) we find the law of forced longitudinal oscillations of a beam [7] [8] [9] . There is rheological reaction force at the point of contact of the disk with the beam
where
-relaxation kernel of material, , E E -long-term and instantaneous modulus of elasticity, n -relaxation time.
This force is the source of longitudinal strains of a beam. Then the equation (8) is as follows 
[
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Here  -angular velocity of the disk. The solution of the equation (14) is tried applying Laplace transforms for zero and boundary conditions
After having applied Laplace transforms, taking into account (15), we find that The pattern of the rheological process is illustrated in figure 3 . 
Results
The result of the work can be the obtained graphs of forced oscillations of a beam, in case of an elastic beam and a beam with rheological properties. The graphs indicate that taking into account the longitudinal oscillations of a beam considerably increases the period of oscillations. The obtained results can be used in solution of direct and inverse problems in structural mechanics and in solution of parametric optimization problems [13] [14] [15] [16] [17] [18] .
In conclusion, our vision of the mechanism of the force interaction of a disk with a beam can be outlined. The moment of viscous friction, imposing restrictions on the rotational motion of the disk creates conditions for a series of instantaneous-consecutive elementary motions. This leads to instantaneous elementary tension-compression strains of a beam. Therefore, instantaneous elastic force appears in a beam preventing the strains. As soon as instantaneous elastic force exceeds the level of viscous friction forces, instantaneous motion of beam fibre goes in the reverse direction, eliminating strains of the beam. This process repeats over as the disk, affected by the stated force, moves. Thus, the longitudinal oscillations of a beam in this case can be considered as self-oscillations.
